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The Challenge and the Opportunity 

Biofuels could displace 30% of liquid transportation fuels by 2030 

THE OPPORTUNITY

 More than 1 Billion tons of biomass could be 
sustainably produced in the U.S. 

 Biomass could displace 30% of U.S. petroleum 
use by 2030 and reduce annual CO2e by 550 
million tons, or 10% of U.S. energy emissions

THE CHALLENGE

 More than $1 Billion is spent every three days 
on U.S. crude oil imports

 Transportation accounts for 2/3rds of 
petroleum consumption and 26% of GHG 
emissions in the U.S. 

America’s biomass resources can help mitigate petroleum dependence
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Advanced Supply System Design 

Objective: Transform raw 
Biomass into high-density, 
stable, commodity feedstocks:

• Actively manage feedstock 
variability and supply uncertainty

• Feedstock specifications and 
conversion performance drive 
logistics and preprocessing

• Advanced preprocessing 
accesses low-grade and diffuse 
resources (i.e., use any and all 
available resources)

Approach: Advanced 
preprocessing and 
formulation of multiple raw 
biomass resources into 
least cost/performance-
based feedstocks
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Overview of Conversion R&D

Strategic Goal: Develop commercially viable technologies for converting 

biomass feedstocks via biological and chemical routes into energy-dense, 
fungible, finished liquid transportation fuels such as renewable gasoline, diesel, 
and jet fuel, as well as bioproducts or chemical intermediates and biopower. 

Feedstocks
• Agricultural 

Residues

• Energy Crops

• Forest Resources

• Organic Waste

• Algae

Intermediates

• Sugars

• Intermediate 
Chemical Building 
Blocks

• Bio-Oils

• Gaseous Mixtures

Products

• Fuels

• Chemicals

• Power

Analysis & Sustainability, Integration and Intensification, Enabling Technologies

Deconstruction 
and 

Fractionation

Synthesis 
and 

Upgrading
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Routes to Convert Biomass

Pretreatment

Hydrolysis Biological 
Processing 

(Fermentation)

Catalytic 
Processing/ 
Stabilization

Intermediate 
Upgrading

Fuel/Product

Finishing

Intermediate 
Processing at 

Petroleum 
Refineries

Pyrolysis

Preprocessing

Gasification

Hydrothermal 
Liquefaction

Feedstock Supply 
& Logistics

(Including Algae)

Deconstruction and 
Fractionation

Synthesis and 
Upgrading

Separations, Integration and Enabling Technologies

Fuel and Product 
Distribution, 

Infrastructure, 
and End Use
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BETO New Areas of Interest

1. Distillates (diesel and jet fuel) 
• Address the non-light duty market by expanding collaborations into the aviation, 

marine, rail, trucking fields. 

• Includes the need for production of bio-derived jet fuel in sufficient quantities to 
enable testing and certification of new fuels via the ASTM process.

2. Bioproducts
• Continuing to look into bio-products as long as they enable biofuels.  

• Includes both the development and testing of bio-products (including animal feed 
and fish feed) from algae. 

3. Natural Gas and Biogas 
• The potential to co-utilize natural gas and biogas to produce fuels and chemicals 

via the gas/biomass to liquids (GBTL) processes.

• The development of distributed scale GBTL units that are skid mounted and mobile 
to utilize flared natural gas and bio-gas resources.

4. Infrastructure Needs 
• Additional investments in infrastructure (rail, ports, barge, dams, inland waterways) 

to move biofuels (and other commodities) efficiently into market.
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Bomgardner  Chemical & Engineering News. 92 (43) 10-14. Oct 27, 2014

What are Bioproducts?

• The US produces 15% of 
global chemicals and 
chemicals comprise 12% of 
all US exports. 

• The US produces: ehthylene, 
propylene, polyethylene, 
butadiene, butanol, 
polystyrene, EO, MEG.

• These chemicals are 
converted to: plastics, 
cosmetics, pharmaceuticals, 
detergents, packaging, 
clothing, car parts, fibers.

Renewable Products In Use

Butadiene

Ethylene glycol

1,3 Propanediol

Hexamethylenediamine 1,4-Butanediol

Succinic acid

Adipic acid Hydroxypropionic acid
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Bioenergy Technologies Office - Manufacturing Activities

Competitiveness Analysis (FY14-FY16)

– International competitiveness for fuels and products manufacturing (Bloomberg).

Renewable Carbon Fiber FOA (Ongoing projects)

– Technologies to enable manufacture of bio-derived acrylonitrile.

Lignin Valorization (Ongoing projects – NREL & Others)

– Convergent strategies for funneling lignin to intermediates & Refinery Integration.

Biochemical Upgrading FOA (selections to start FY15)

– NREL Muconic acid (platform intermediate) from biogas.

– Natureworks lactic acid from biogas.

Targeted Algal Biofuels and Bioproducts FOA (FY14-FY15)

MEGA-BIO (FY16 FOA)

– Enable fuels using products.

Demonstration and Market Transformation FOA (FY16)

– Products that enable fuels at pilot and demonstration scale
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BETO’s Waste-to-Energy (WTE) Efforts

There is a significant near-term market entry opportunity to deploy WTE 
technologies in the U.S., specifically with regard to anaerobic digestion at landfills 
to recycle organic waste biomass into renewable energy, thereby enabling a 
national network of distributed power and biofuel production sites.  

Image courtesy of Iona Capital

Waste-to-Energy Cycle
Waste streams that could be 
considered for use include:

• Municipal solid waste

• Landfill gas

• Waste streams from waste water 
treatment plants (WWTPs)

• Bio-solids (from thermochemical 
or biochemical biofuel pathways)

The DOE Loan Guarantee Office released a 
Renewable Energy and Energy Efficiency 
Solicitation for a public comment period. 
The solicitation is expected to provide as 
much as $2.5 billion in loan guarantees for 
commercial financing of technologies that 
avoid, reduce, or sequester GHG 
emissions. “Waste-to-Energy” is included 
in the list of eligible project types to be 
considered.

Organic Wastes

Waste 
Preparation

Anaerobic Digestion

Biogas (rich in methane)

Stabilization/Curing/Dewatering

Organic Compost

IBR Chemicals Products

Heat, Electricity & Fuel

Aqueous Waste

lpo.energy.gov
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Water Resource Recovery
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Project Partners

BETO works with partners in industry , universities, and the National Labs

Laboratories

Industry

Universities
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Appendix
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Bioenergy Technologies Office

BETO reduces risks and costs to commercialization through RD&D 

Mission

Strategy

Performance 
Goal

*Mature modeled price at pilot scale. 

Accelerate the commercialization of advanced 
biofuels and bioproducts through RD&D of new 

technologies supported by public-private 
partnerships

Develop technologies to enable the sustainable, 
nationwide production of biofuels compatible with 

today’s transportation infrastructure

Validate at least one pathway for $3/GGE* 
hydrocarbon biofuel with ≥50% reduction in GHG 

emissions relative to petroleum by 2017 
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Strategic Communications
• New Communications    

Vehicles & Outlets
• Awareness and Support of 

Office
• Benefits of 

Bioenergy/Bioproducts

BETO’s Core Focus Areas 

Research, Development, Demonstration, & Market Transformation

Feedstock
Supply &
Logistics R&D
• Terrestrial
• Algae
• Product                                        

Logistics Preprocessing

Conversion R&D
• Biochemical
• Thermochemical
• Deconstruction
• Biointermediate
• Upgrading

Demonstration 
& Market Transformation
• Integrated 

Biorefineries
• Biofuels                   

Distribution
Infrastructure

Sustainability
• Sustainability                            

Analysis
• Sustainable                                  

System                                         
Design

Strategic Analysis
• Technology and 

Resource                   
Assessment

• Market and  
Impact Analysis

• Model Development & Data 
compilation

Cross Cutting

Program Portfolio Management

• Planning     • Systems-Level Analysis     • Performance Validation and Assessment
• MYPP     • Peer Review     • Merit Review     • Quarterly Portfolio Review

• Competitive     • Non-competitive     • Lab Capabilities Matrix
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Bioenergy Administration Goals

National Energy Goals
& 

Climate Action Plan 50% by 2020

Net Oil Imports GHG Emissions

26-28% by 2025

>80%      by 2050

BETO Performance Goal: 
Hydrocarbon Biofuel 

Production 

$3.00/GGE by 2017

Two Additional 
Pathways by 2022

50% GHG 
reduction vs. 

petroleum fuel

BETO Performance Goal: 
Hydrocarbon Pathway 

Validation

Pilot or Demo Scale
(>1 ton/day)

BETO’s goals support the Presidential Initiatives on Energy
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Program Achievements in FY15

• Feedstocks Supply and Logistics
– Idaho National Laboratory (INL) successfully completed two State Of Technology (SOT) reports on herbaceous 

and woody energy crops. The SOT reports highlight progress towards meeting the 2017 goal of validating a 
supply and logistics system that is capable of delivering feedstocks to the conversion reactor throat at $80/dry 
ton. 

• Advanced Algal Systems
– Establishment of CalPoly’s Delhi Field Site (9,000 L system with continuous automated process controls and 

harvest equipment at Delhi, CA WWT facility for the ABY project).

• Conversion Technologies:
– Reduce the modeled conversion cost contribution from $4.09/gge to $3.70/gge via fast pyrolysis for 

converting biomass to a hydrocarbon fuel blendstock in a mature commercial-scale plant. 
– Reduce modeled mature biochemical conversion cost from $9/GGE to $6.40/GGE of combined hydrocarbon 

fuel on a pathway to a $3.17/gge conversion cost demonstrated in 2017 at the bench and pilot scale by 
improving co-product organisms, primary fermentation organisms for fatty acid production and reducing 
operating costs.

• Demonstration and Market Transformation
– The Abengoa Bioenergy Biomass of Kansas (ABBK) biorefinery celebrated its grand opening. The facility is the 

third commercial-scale cellulosic ethanol biorefinery in the U.S. and has a capacity of 25 million gallons of 
cellulosic ethanol per year.   The plant will produce cellulosic ethanol from non-edible corn stalks, stems, and 
leaves harvested within a 50-mile radius of the plant.

• Analysis and Sustainability
– ANL released WATER 3.0 to enable in-depth analysis of water consumption for multiple biofuels pathways.  

NREL assessed applicable federal air quality regulations and estimates of seven criteria air pollutant emissions 
for the fast pyrolysis pathway. 
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FY 2016 Priority Activities

• Algae:  Pursue new research in advanced biology and carbon dioxide utilization to 
address yield, productivity, and integration of downstream logistics at the pre-pilot 
scale. 

• Conversion: Select and complete preparation of at least two pathways for 
validation at integrated bench or pilot scale in FY 2017 of modeled mature $3/gge
gasoline/diesel blendstock price and progress toward FY 2022 price goals ($3/gge).

• Feedstock Supply: Focus on feedstock supply and logistics technologies to help 
meet biomass feedstock price targets of $80/Dry Matter Ton in 2017.

• New Fuels and Vehicle Systems Optima: Establishes a link early in the R&D cycle of 
both fuels and engines for a systems-based approach and to create optimized 
solutions for fuels and engines.  Collaboration with Vehicles Technologies.

• New Investments in the Integrated Production and Scale-Up of Drop-in 
Hydrocarbon Fuels: New competitive awards (up to three pilot projects or one 
demonstration project) to scale-up integrated production systems of drop-in 
hydrocarbon biofuels to accelerate advanced biofuel manufacturing.

• DPA: Support the military-specification jet fuel in collaboration with DoD and USDA 
through the Defense Production Act.
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Defense Production Act (DPA) Initiative 

Interagency initiative to produce more than 100 MM g/y of advanced biofuels

In September 2014, 3 projects were selected under 
the DPA Initiative to build commercial biorefineries 
to produce:  

Company Location Feedstock Capacity Groundbreaking Off-Take 
Agreements

Gulf Coast
Fats and 
Greases

82.0 MM g/y TBA TBD

McCarran, 
NV

MSW 10.0 MM g/y Winter of 2015

Lakeview, 
OR

Woody 
Biomass

12.0 MM g/y TBA

• Drop-in fuels for military applications 

• Domestic fuels from non-food biomass feedstocks 

• Cost-competitive biofuels (w/o subsidies) 
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Sustainability Projects

Climate Change 
and Air Quality

Soil Quality Land Use and 
Productivity

Water 
Quantity

and Quality

Biological
Diversity

Analyzing biofuel 
pathways to 
quantify progress 
towards reducing 
lifecycle 
greenhouse 
gases, regulated 
emissions, and 
fossil energy use.

Developing 
strategies and 
tools for 
producing 
biomass 
feedstocks while 
maintaining or 
enhancing soil 
quality. 

Advancing 
landscape design 
approaches that 
increase biomass 
production  while 
maintaining or 
enhancing 
ecosystem services 
and food, feed, and 
fiber production.

Assessing the water 
resource use and 
water quality of 
bioenergy 
production, and 
investigating 
opportunities for 
bioenergy crops to 
improve water 
quality. 

Investigating 
relationships between 
bioenergy crops and 
biodiversity, and 
engaging with diverse 
experts to understand 
and promote practices 
that conserve wildlife 
and biodiversity.

Efforts also include evaluating sustainability indicators  across the bioenergy supply chain, contributing to 
global scientific dialogues on bioenergy sustainability, and engaging with international organizations to 
understand and promote more sustainable outcomes.

https://greet.es.anl.gov/
http://www.google.com/url?url=http://link.springer.com/content/pdf/10.1007/s12155-014-9423-y.pdf&rct=j&frm=1&q=&esrc=s&sa=U&ei=RVbAU9uuGM-cyASyioLgAQ&ved=0CBoQFjAB&usg=AFQjCNGvjZiylZx5IO9Fx2h-cnhr4Hc3GA
http://water.es.anl.gov/
http://web.ornl.gov/sci/ees/cbes/Publications/BBB_Parish_etal_Jan2012.pdf
http://web.ornl.gov/sci/ees/cbes/factsheets/Future_Bioenergy_Landscapes.pdf
http://web.ornl.gov/sci/ees/cbes/factsheets/Indicators of Sustainable Bioenergy.pdf
http://onlinelibrary.wiley.com/doi/10.1111/gcbb.12205/abstract
http://www.globalbioenergy.org/
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Source: Bloomberg New Energy 
Finance, EIA, American Chemical 
Council

Oil products in the US: Opportunity for Bioproducts in the Bioeconomy

• The US produces 15% of global 
chemicals and chemicals comprise 12% 
of all US exports. 

• The US produces: ethylene, propylene, 
polyethylene, butadiene, butanol, 
polystyrene, EO, MEG

• These chemicals are converted to: 
plastics, cosmetics, pharmaceuticals, 
detergents, packaging, clothing, car 
parts

Chemicals make up 
16% of the volume 
of US oil products 
and is worth $812bn

Fuel makes up 76% 
of the volume of US 
oil products and is 
worth $935bn

Bioproducts enhance the economics of biofuel 
production
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What is the Bioeconomy?

“The biological sciences are adding value to a host of products and services, producing 
what some have labelled the “bioeconomy.” From a broad economic perspective, the 
bioeconomy refers to the set of economic activities relating to the invention, 
development, production and use of biological products and processes.”

OECD: The Bioeconomy to 2030: Designing a Policy Agenda, 2009

“A bioeconomy is one based on the use of research and innovation in the biological 
sciences to create economic activity and public benefit.”

White House Bioeconomy Blueprint, 2012

“The U.S. is a world leader in technology and agricultural prowess, which puts it in a 
powerful position to capitalize on the vast potential of bio-based alternatives to 
petrochemicals. The potential markets are huge, given the importance of petrochemicals 
in industrial economies.” 

Unleashing the Power of the Bio-economy, 2013

For the purpose of this presentation, the “bioeconomy” is defined “the global 
industrial transition of sustainably utilizing renewable aquatic and terrestrial 
biomass resources in energy, intermediate, and final products for economic, 

environmental, social, and national security benefits.”
--From 2014 Report: Why Biobased? Opportunities in the Emerging Bioeconomy: Why BioPreferred
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Potential Impacts of a Billion Ton Bioeconomy 

1 billion tons of biomass could be sustainably produced in the U.S. 

26%
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• Innovative approaches for bioproducts:
– Molecular replacements for petroleum derived chemicals 
– Performance replacements for petroleum derived chemicals 

• Infancy stage  – play to the strength of the oxygenated polymers in biomass
– Lignin and waste streams to value added products (X2 the cost of biofuels on a mass basis)

Bioproducts to Enable Biofuels

DOE’s Focus for Bioproducts for R&D AMO Application
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Replacing the Whole Barrel

BETO is working to displace the entire barrel of petroleum crude

• Only ~40% of a barrel of crude oil is 
used to produce petroleum gasoline

• Reducing oil dependence requires 
replacing diesel, jet fuel, heavy 
distillates, and other products

• EERE successfully achieved modeled 
mature cost goals for cellulosic ethanol 
in 2012

• EERE shifted its R&D to focus on 
hydrocarbon “drop-in” biofuels, jet 
fuels, and bio-based products 

Diesel and 
Heating Oil 
(28%)

Products 
(15%)

Gasoline 
(42%)

Jet Fuel (9%)
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ARPA-E invests in innovative 
technologies including 

electro-fuels and the PETRO 
program for direct biofuel 

production. 

The Office of Science focuses 
on early stage basic science 
with eventual commercial 
applications for bioenergy. 

The Loan Programs Office 
provides loan guarantees for 

commercial biorefinery 
projects.  

BETO collaborates with the 
Office of Fossil Energy to 

utilize biomass for carbon 
capture. 

Department of Energy

Office of Energy Efficiency 
& Renewable Energy

Bioenergy 
Technologies 
Office (BETO)VTO partners with BETO on 

fuel  and infrastructure 
characterization and  new 

work on the co-optimization 
of fuels and engines. 

AMO works with BETO to 
research and develop 

renewable, low-cost carbon 
fiber for lightweight vehicles.

BETO contributes to White House goals for the 
reduction of GHG emissions and oil imports 

under the Climate Action Plan. 

The White House Office of Science 
and Technology Policy 

Other Federal Agencies

Vehicle 
Technologies 
Office (VTO)

Advanced 
Manufacturing 
Office (AMO) BETO’s mission is to 

accelerate the 
commercialization of 

advanced biofuels and 
bioproducts through targeted 

RD&D supported by public 
and private partnerships.

Key Partnerships of the 
Bioenergy Technologies Office

BETO provides technical expertise 
on the Farm-to-Fly 2.0 initiative  to 

produce renewable jet fuel.

The EPA administers the 
Renewable Fuel Standard and 
works with BETO on life cycle 

analysis for different fuel 
pathways. 

USDA focuses on feedstock 
production and rural 

development, co-chairs the BRDI 
Board with DOE,  and partners 

with BETO  on interagency efforts 
to support the bioeconomy. 

The DOT invests in national 
infrastructure and works with 
BETO on challenges related to 
bioenergy transportation and 

logistics. 

Under the Defense Production Act, 
the DOD partners with USDA and 
DOE to produce  drop-in fuels for 

the military. 

NSF supports innovative chemical, 
environmental and bio-

engineering analysis which informs 
BETO research. 

National Laboratories

BETO contributes data to the 
EIA to support their accurate 

energy forecasting for 
consumption and 

production.

Inter-Agency Collaboration

BETO partners with other DOE Offices, other Federal agencies, and the national labs to achieve U.S. goals on bioenergy


